Abstract Hepatocellular carcinoma (HCC) is one of the most serious health problems worldwide. Many researchers have investigated HCC at the level of genes, ribonucleic acid, proteins, cells, and animals. The resultant development of animal models and monitoring methods has improved the effectiveness of guidelines provided to researchers working with preclinical HCC models. HCC in animal models and clinical patients is monitored by various current imaging modalities such as ultrasound (US) imaging, computed tomography (CT), magnetic resonance imaging (MRI), single photon emission computed tomography (SPECT), positron emission tomography (PET) and bioluminescence imaging (BLI). These techniques are currently used for both preclinical and clinical assessment, and provide valuable diagnostic information. In this article, we have mainly reviewed the established animal models and the assessment of orthotopic HCC using imaging modalities. Additionally, we have introduced a method of orthotopic HCC rat model developed in our laboratory. We have furthermore evaluated the occurrence of tumor mass using molecular imaging techniques.
Introduction
Hepatocellular carcinoma (HCC) is the sixth most serious health problem worldwide, with an incidence of 782,000 newly diagnosed cases and 746,000 livercancer-related deaths estimated in 2012 [1] [2] [3] [4] . HCC is caused by liver cirrhosis due to advanced hepatitis B and C (HBV, HCV) viral infection and has been increasing around the globe [5] [6] [7] .
Clinical advances for HCC have occurred in various fields of clinical surgery, liver transplantation, radioimmuno/ radiation therapy, biological therapy and bio-molecular imaging [8] . Even though the study of HCC invasiveness has advanced at the molecular level with overall sophisticated breakthroughs in knowledge of HCC, it has not translated to improved HCC patient care [9] .
Given the large HCC patient population, there is a strong sense of responsibility to develop relevant animal models and appropriate detection methods, applicable to preclinical research, as well as clinical trials for developing new treatments for HCC. Investigation of HCC has been done conducted at the level of genes, ribonucleic acid (RNA), proteins, cells, and animals [10] [11] [12] [13] [14] . The resultant development of animal models and monitoring methods has improved the effectiveness of guidelines provided to researchers working with preclinical HCC models. Furthermore, technical approaches and alternate strategies have advanced to assess prognostic values in clinical trials, as well as the efficacy and safety of anticancer drugs in the preclinical field. One such strategic approach is the application of bio-molecular imaging techniques to preclinical and clinical studies.
Research techniques have made it possible to estimate the rate of tumor occurrence, the size, growth and response to treatments, as well as to confirm the results of histology and/or immunohistochemistry, in case of HCC where molecular imaging cannot be performed. Modeling and validation methods are very important in preclinical studies of HCC. Therefore, several molecular imaging methods, which include computed tomography (CT), ultrasound (US) imaging in radiology, positron emission tomography (PET) and single photon emission computed tomography (SPECT) in nuclear medicine, bioluminescence imaging (BLI) in biology, hematoxylin and eosin (H&E), and immunohistochemistry (IHC) in histology, are commonly employed in preclinical research and in designing clinical trials [15] [16] [17] [18] [19] . Moreover, in an effort to establish the orthotopic HCC animal models, methodological challenges involving the use of various cell lines, with or without premedication such as an immunosuppressant, and different selections of HCC cell lines have been introduced by several laboratories worldwide [20] [21] [22] [23] . When performing in vivo experiment on HCC, scientists start with subcutaneous xenograft or orthotopic models. Subcutaneous xenograft models provide an easy and simple means to implant tumor cells into the animal and to monitor the progress of the tumor size. On the other hand, the orthotopic animal models provide more highly informative clinical translation than subcutaneous xenograft models through the biological and metastatic microenvironment similar to clinical status. Thus, orthotopic animal models of HCC are required for more reliable translation in specific tumor circumstances.
In this article, we have mainly reviewed how to establish orthotopic HCC animal models, and assess orthotopic HCC occurrence and incidence by means of several molecular imaging modalities. In addition, we have described our experimental efforts in developing a rodent model of orthotopic HCC including the data on incidence of cancer development to provide our experience to other researchers who have similar interests, and extend our findings to the professional field.
Cell Lines
Preclinical research usually involves an animal model of HCC to evaluate therapeutic effects on HCC. Additionally, various human or animal HCC cell lines are used to study comparative viability, apoptosis, and toxicity in response to test substances [24] . Typically, Hep 3B, Hep G2, Huh 7.5 and SK-Hep1 in human HCC cell lines and N1S1 and McA-RH7777 in rat HCC cell lines are commonly used in HCC models [25] [26] [27] [28] [29] [30] .
Subcutaneous Xenograft and Orthotopic Animal Models
After the results of in vitro examinations are acquired, in vivo studies are performed to identify the relationship between the HCC and the cellular microenvironment, as well as the interaction of HCC cells and the targeted organ [31] . When scientists perform in vivo studies, they usually begin with subcutaneous xenograft animal models, by injecting selected cells into subcutaneous space of the interest area within the body. This method is practical, since it is easy to handle the animal and monitor the progress of the tumor models [32] .
On the other hand, in the orthotopic models of HCC, the cancer cells are directly inoculated into the liver parenchyma, such as left lower segment of liver. The orthotopic implantation experimental methods have been sometimes considered as labor-intensive, because it required surgical inoculation and it was difficult to measure the tumor growth, or to validate therapeutic effect on post-treatment of tumor growth [33] . Orthotopic animal models, nevertheless, provided highly valuable clinical information, including tumor growth rate, therapeutic effect of tested materials, and in vivo tumor cell behaviors because the tumor is located within the targeted organ [34] . Moreover, orthotopic models also contribute to developing original therapeutic and molecular imaging techniques [35] . [27] used HCC models with Hep G2 cell lines in their study that demonstrated and characterized the inhibition of both tumor progression, and proliferation of liver cancer in vitro and in vivo. Chandra et al. [28] used Huh 7.5 cell lines to design xenograft mouse models. They evaluated the inhibition of hepatitis C virus (HCV) replication by small interfering RNA (siRNA) encapsulated into lipid nanoparticles (nanosomes). Their results indicated that systemic injections of siRNA nanosomes significantly reduced replication of liver cancer in HCC xenograft mouse models of HCV. Cho et al. [29] designed HCC rat models with McA-RH7777 isolated from the Buffalo rat and achieved a high tumor incidence (73.3%). Moreover, they successfully treated hepatoma with transarterial chemoembolization (TACE) in all rat models. Buijs et al. [30] used N1S1 or McA-RH7777 rat cell lines to characterize tumor growth of HCC, and they assessed each cell line derived tumor of by US imaging technique in rat models. The result of their experiments showed that tumor volumes in both cell line groups continued to increase until 2 weeks post-inoculation and then started to decrease considerably. Complete tumor regression was shown at 5 or 6 weeks post-inoculation in the N1S1 and McA-RH7777 groups. In summary, the basic information on referred HCC cell lines is described in Table 1 .
HCC Assessment by Bio-molecular Imaging
HCC in animal models and clinical patients of HCC were monitored by various imaging methods for preclinical and clinical assessment with valuable diagnostic information [15] [16] [17] [18] . The most commonly used imaging modalities are US, CT with contrast agent, MRI and 18 F-FDG-PET/CT [36] . These imaging techniques provide valuable information on tumor progression and therapeutic effect in both preclinical and clinical circumstances. US imaging, especially, has been commonly used in both preclinical and clinical researches to monitor progression of liver tumors and to assess the antitumor therapeutic effects. In addition, US imaging is able to support the target destruction by high-intensity focused ultrasound (HIFU) with a highly concentrated drug delivery system to the tumor lesion in clinical trials [37] .
The use of both 18 F-FDG-PET/CT and MRI has increased, as well as CT imaging. However, 18 F-FDG-PET/CT and MRI are more difficult to be processed due to its high diagnostic costs, and high skill requirement for image acquisition and diagnosis [38] .
BLI, which is a novel imaging technique for the detection of luminescence emitted from the expression of luciferase Fig. 2 The frequency and size of HCCs at weekly intervals in two rat model groups: N1S1 without CsA and McA-7777 with CsA Fig. 3 a The inoculation of an HCC cell line by subcapsular injection. be Four types of method to assess the tumor incidence of HCC at the 14th day postoperative day. b Laparotomy was performed by once to three times. The yellow colored arrow indicates a tumor. c CT was also performed to follow-up tumor incidence or size growth. d BLI of McA-7777 with a luciferase is easily able to confirm a tumor incidence. genes in living cells, has provided a valuable method for preclinical research, but was not useful for clinical trials due to the limited translational benefits [39] . BLI also was beneficial in monitoring orthotopic animal models of invisible tumors [40] .
Effect of Immunosuppressants in Tumor Growth
Cyclosporin A (CsA) is a known immunosuppressant used in various types of transplantation [41] . The survival of grafts and patients has considerably increased since the introduction of CsA [42] . Its efficacy was also reported in various in vitro and in vivo research studies [43] . However, CsA also enhanced the growth of tumor that was susceptible to immunecompetent cells and paradoxically led to the development of specific cancers. For instance, Hammond-Mckibben et al. [44] studied three types of immunosuppressive agents: CsA, 40-O-(2-hydroxyethyl)rapamycin (SDZ RAD), and 2-amino-2-[2-(4-octyl-phenyl)ethyl]-1, 3-propanediol hydrochloride (FTY720). They demonstrated that administration of SDZ RAD or FTY720, together with CsA, resulted in more effective dose-dependent inhibition of tumor regression in an allogeneic xenograft mouse model. In addition, Van de Vrie et al. [45] showed that the CsA enhanced loco-regional metastasis of tumor but improved short-term antitumor activity in their experiment using CC531, the colon carcinoma cell line of rat models.
Establishment of the Orthotopic HCC Rat Model
All animal experiments were performed in compliance with the policies and procedures of the Institutional Animal Care and Use Committee for animal treatment of Chonbuk National University. To design and assess the HCC orthotopic rat models (Sprague Dawley rat, n=10), we started with the McA-RH7777 cell line, but most inoculated tumors spontaneously regressed (Fig. 1) , similar to previously published findings by other researchers [29, 30] . The administration of CsA was considered as a method of pre-treatment. We achieved a significant tumor incidence with orthotopic HCC (Table 2, Fig. 2 ). We attempted to assess and identify the incidence, size changes, and tumor location with different types of imaging modalities: CT (Symbia TruePoint SPECT-CT, Siemens, Munich, Germany), PET/CT (FLEX Preclinical Platform, Gamma Medica-Ideas, Salem, USA) and BLI, as well as by surgical laparotomy (Fig. 3) . Monitoring the tumor progression of HCC with CT, we were able to assess tumor dimension, tumor location, tumor progression, as well as anatomical information. The CT modality was the most helpful in the measurement of tumor dimensions because of its timesaving attributes. CT modality obviated the need for surgery, such as laparotomy. Using PET/CT imaging with 18 F-FDG, we were also able to successfully observe the tumor location. We additionally identified the existence of HCC tumor by BLI imaging, using an in vivo imaging system (IVIS Spectrum; PerkinElmer, Waltham, USA). The HCC tumor can be detected by measuring luminescent intensity emitted from the inoculated HCC, if there is an expression of luciferase genes in the HCC cell lines. It provides a valuable means of monitoring invisible tumors, such as an orthotopic HCC.
According to our experimental research, we believe that various bio-molecular imaging methods are the most valuable tools for detection and evaluation of different types of tumors in any pre-clinical and clinical trials.
Conclusions
Several experimental design methods of orthotopic HCC animal models have been reported. These models have been used to develop therapeutic methods and to evaluate tumor progression in preclinical and clinical trials in various laboratories. Furthermore, sophisticated bio-molecular imaging modalities-US, CT, MRI, PET/CT and BLI-have been developed to assess the orthotopic HCC models and have been applied for several decades. Thus, both the therapeutic interpretation and diagnostic results have generated valuable information with high accuracy, in preclinical as well as clinical studies.
The orthotopic HCC models induced by immunosuppressants have shown significantly high tumor incidence, thus facilitating well-designed research procedures. However, the biological relationship between tumor and immunosuppressants needs to be further considered, since it may not be affordable in clinical trials.
